Abstract-Using topic modeling, we analyse the titles and abstracts of nearly 10,000 papers from 20 years published in 11 top-ranked Software Engineering(SE) conferences between 1993 to 2013. Seven topics are identified as the dominant themes in modern software engineering. We show that these topics are not static; rather, some of them are becoming decidedly less prominent over time (modeling) while others are become very prominent indeed (defect analysis).
I. INTRODUCTION SE literature is a spectrum of diverse research areas. This makes its understanding complex and an important exercise. Modelling the SE literature can help researchers discover new and better topics to showcase their work and build their research career. On the flip side, much time could be wasted on unpromising directions by researchers if modelled incorrectly.
We recommend the LDADE stable topics analysis [1] for modelling topics in SE which generates stable topics. Using these stable topics, this paper automatically analyzes the titles and abstracts of 9291 papers published in the 11 SE conferences of Table I from 1993 to 2013 and studies the following questions discussed in section IV. The extended version of this paper 1 discusses many more research questions and its implications.
II. DATA For studying and analyzing SE conferences we use a collection of 11 conferences and its program committee members from 1993-2013 based on the work of Vasilescu et al. from MSR 2013 [3] (see Table I ). This data does not contain the abstract or other sections of the papers which can be used to perform text based analytics. Thus, we extract abstracts of these papers from the repository on Association of Computing Machinery(ACM) harvested by Tang et al. on "aminer" [2] 2 . 
III. LDADE
Agrawal et al. [1] have used Differential Evolution to stabilize the LDA model. This LDADE tool automatically tunes LDAs parameters in order to stabilize the model. Differential Evolution optimizes a problem by iteratively improving candidate solutions using extrapolation based mutation. Contrary to standard LDA, LDADE explores a much larger range of tunings within tens of evaluations of the model.
IV. ANSWERS TO RESEARCH QUESTIONS
RQ1: What SE topics are most frequently accepted to which conferences? Table II shows the seven most frequent topics in our conference papers. Figure 1 shows how often these topics appear in our 11 conferences.
RQ2: What SE topics are growing more/less prominent? Figure 2 shows the frequency at which topics appeared at our 11 SE conferences for the period 1993 to 2013. For each year, topics are sorted top to bottom in increasing frequency of occurrence (so topics shown at the bottom are more frequent).
RQ3: Which SE conferences have the most overlap with other conferences? Figure 1 shows the results of a bottom-up nearest-pair clustering of topics and conferences for the period 2009 to 2013. The topics are clustered based on the terms present in them and the conferences are clustered based on the distribution of topics within them. In the figure, the colors indicates how strongly or weakly a topic on the y-axis is covered in a conference on x-axis. This clustering shows that most conferences accept papers on Topic 4 (Defect Analysis) with the exception of ICSM and SCAM which rarely accepts papers on that topic. From the hierarchical tree on the x-axis we can see that there is a strong association between certain conferences with respect to the topics they publish. Those associations are shown in the last column in Table I .
RQ4: What topics most distinguish different conferences?
Highlighting the differences between conferences might be a better strategy than merging similar conferences. Couple of that distinctions can be seen from Figure 1 are a) FSE publishes much more than ASE on Topic 2 (Program Analysis); and b) ASE publishes much more than FSE of Topics 0,5 (Testing, Software Modeling). If these distinctions are considered significant enough to be preserved, then ASE and FSE could change their call for papers and program committees such that each accept more papers on their particular focus area.
V. IMPLICATIONS
Based on the research questions and its answers we arrive at the following implications:
• Figure 1 could provide objective choices to researchers on where to submit their latest article.
• Figure 1 provides greater insight into how conferences could be reorganized to cater to the diverse software engineering topics.
• Figure 2 might be used to guide strategic choices like faculty hiring, research focus areas e.t.c.
